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PREFACE 

The  objective  of  the  minefield  detection  project  is  to  determine 
the  effectiveness  of  remote  sensing  systems  and  other  methods  of  de¬ 
tecting  and  identifying  mines,  minefields,  minelaying  equipment,  or 
minelaying  operations,  and  to  recommend  continuing  effort  on  the 
most  promising  methods. 

Work  under  the  project  concerned  with  each  of  the  concepts  to  be 
investigated  is  being  performed  in  a  sequence  of  four  major  tasks: 
(1)  identification  and  screening  of  promising  techniques;  [2) 
preliminary  systems  analysis  and  definition  of  experimental  or  other 
data  acquisition  systems;  (3)  acquisition  of  critical  data  through 
experiment,  literature  survey,  or  access  to  SCI;  and  (4)  evalua¬ 
tion  of  conceptual  systems  for  technical  performance  and  military 
usefulness. 

This  is  one  of  a  series  of  reports  documenting  technical  effort 
and  results  achieved  during  the  project.  This  report  covers  work 
performed  under  Task  3,  Critical  Data  Acquisition,  for  planning  and 
implementation  of  a  test  array  located  on  a  site  near  Ann  Arbor, 
MI.  The  test  array  is  required  for  testing  and  evaluating  various 
types  of  minefield  detection  devices  and  systems. 

Dr.  J.  Roland  Gonano  monitored  the  program  for  MERADCOM,  Mr. 
Henry  McKenney  was  the  ERIM  Program  Manager,  and  Mr.  Reed  Maes 
supervised  the  installation  of  the  mine  array.  E.  Johansen,  G. 
Suits,  and  D.  Bornemeier  of  ERIM  also  participated  in  planning  and 
setting  up  the  mine  array. 

ERIM  wishes  to  thank  Dr.  John  Bennett  and  Mr.  Gordon  Mclnnes  of 
TARAOCOM  who  made  arrangements  for  the  military  vehicles  and  radar 
decoys  used  in  the  mine  arrays.  Also,  Mr.  Robert  Falls  of  MERADCOM 
provided  advice  on  test  site  requirements  and  measured  data  on  test 
site  soil  characteristics. 
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INTRODUCTION 

In  order  to  evaluate  the  technical  effectiveness  and  operational 
utility  of  various  methods  of  minefield  detection,  a  program  of  an¬ 
alysis  and  experiment  is  being  performed  under  the  minefield  detec¬ 
tion  project.  Minefield  detection  techniques  and  systems  which  ap¬ 
pear  to  have  good  potential  for  effectively  performing  this  function 
are  being  selected  under  this  project  by  a  process  of  identification 
and  screening.  Selection  of  sensors  and  sensor  features  will  be 
made  considering  types  of  surveillance  systems  presently  in  inven¬ 
tory  or  designs  of  systems  in  the  R  &  D  stage  which  can  be  reason¬ 
ably  anticipated  to  perform  under  battlefield  conditions. 

An  important  part  of  the  overall  program  is  the  acquisition  of 
data  needed  to  answer  critical  questions  concerning  the  usefulness 
of  selected  techniques.  Task  3  is  intended  to  cover  data  acquisi¬ 
tion  involving  sizable  efforts  which  will  be  implemented  after  spon¬ 
sor  review  and  approval . 

In  many  cases,  the  acquisition  of  critical  data  requires  the 
conduct  of  flight  tests  or  field  experiments  to  ascertain  the  cap¬ 
ability  of  selected  sensors  to  detect  and/or  identify  individual 
mines,  minefields,  minelaying  equipment,  minelaying  activities  or 
ancillary  equipment,  such  as  field  fortifications,  likely  to  be 
associated  with  the  presence  of  mines.  The  criteria  for  success  in 
evaluating  the  mine  detection  and  identification  capability  will  be 
essentially  the  probability  of  detection  or  identification  under 
anticipated  battlefield  conditions.  False  alarm  rates  are  also  of 
importance. 
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In  order  to  conduct  realistic  tests  of  this  capability,  the 
presence  of  mines  or  associated  equipment  must  be  simulated  under 
circumstances  representative  of  anticipated  operational  conditions. 
For  this  purpose,  one  or  more  test  arrays  are  needed  to  simulate  the 
essential  elements  of  various  scenarios,  including  various  types  of 
terrain  likely  to  be  encountered.  They  must  be  designed  to  accommo¬ 
date  both  direct  and  inferential  modes  of  minefield  detection. 
Ground-based  sensors  as  well  as  airborne  sensors  must  be  accommo¬ 
dated  by  the  test  facilities. 

The  scenarios  selected  for  analysis  and  testing  of  minefield  de¬ 
tection  techniques  are  based  on  combat  operations  in  the  European 
theater,  and  in  particular  in  three  areas  of  West  Germany:  the 
North  German  Plain,  the  Fulda  Gap,  and  the  Hof  Corridor.  The 
climate  and  terrain  for  these  areas  have  been  studied  under  another 
task  of  this  project,  and  reports  documenting  these  characteristics 
have  been  prepared  (Refs.  1  and  2). 

The  test  site  described  in  this  report  has  characteristics  of 
soil,  vegetation,  topography,  etc.,  representative  of  the  North  Ger¬ 
man  Plain.  The  weather,  soil,  and  vegetation  data  of  the  test  site 
area  were  monitored  during  the  program  and  are  included  as  part  of 
the  data  base. 
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TEST  SITE  DESCRIPTION 


2.1  TEST  SITE  REQUIREMENTS 

In  order  to  provide  a  basis  for  selection  of  a  suitable  test 
site  or  sites  for  the  installation  of  the  test  array  of  mines  and 
related  equipment,  a  set  of  requirements  was  developed.  Tne  follow¬ 
ing  list  describes  the  major  requirements  for  test  sites  represent¬ 
ing  the  characteristics  of  the  three  areas  of  West  Germany  mentioned 
above. 

(1)  The  sites  should  have  soil  characteristics,  moisture  con¬ 

tent  and  vegetation  representative  of  Eastern  Europe. 

(2)  There  should  be  a  variety  of  background  including  flat  land 
and  rolling  terrain  with  vegetation  and  crops. 

(3)  The  sites  should  be  representati ve  of  tactical  situations 

with  surface  and  buried  mines  of  various  types.  There 
should  be  an  opportunity  for  both  direct  and  inferential 
detection. 

(4)  The  sites  should  be  in  a  location  suitable  for  both  air¬ 

borne  and  ground-based  data  collection. 

(5)  The  sites  should  have  sufficient  security  to  protect  any 
military  equipment  needed  for  the  experiment. 

(6)  At  the  same  time,  the  sites  should  be  accessible  to  the 
project  personnel . 

For  Test  Array  No.  1,  certain  additional  requirements  were 

specif  ied . 


(7)  The  test  site  should  be  located  near  Ann  Arbor,  MI  to  en¬ 
able  the  ERIM  staff  to  perform  ground  operations  and  con¬ 
duct  flight  tests  from  its  aircraft  efficiently.  In  addi¬ 
tion  to  flight  ^specially  scheduled  for  the  project,  it 
might  also  be  possible  to  acquire  additional  sensor  data  as 
the  ERIM  aircraft  passes  over  the  test  site  on  its  way  to 
other  test  sites.  This  would  provide  much  added  data  at 
little  incremental  data  acquisition  cost. 

(8)  A  non-military  r  u  r  a  ■  atmosphere  was  desired  in  order  to 
allow  for  a  realistic  setting  for  the  measurement  program, 
a  setting  where  farming  and  cultivation  practices  could 
continue  in  a  reasonably  uninterrupted  manner  while  a  mili¬ 
tary  scenario  could  develop  without  causing  concern  to  the 
local  population. 

Test  Array  No.  1,  which  is  fully  described  in  this  report,  meets 
these  requirements  for  a  site  representative  of  the  North  German 
Plain.  Additional  test  arrays,  if  implemented,  would  be  selected  to 
be  representati ve  of  the  other  two  areas  mentioned. 

2.2  TEST  SITE  SELECTION 

The  initial  investigation  was  directed  toward  setting  up  two 
test  sites  --  one  that  satisfied  the  desired  flat  terrain  character¬ 
istics  and  another  in  close  proximity  that  satisfied  the  rolling 
terrain  requirements.  The  effort  was  soon  narrowed  to  selecting  a 
single  site  with  flat  terrain. 

The  selection  process  involved  examining  good  topographic  and 
soil  identification  maps  in  the  two-county  area  of  interest  near  Ann 
Arbor.  The  process  also  required  having  a  working  knowledge  of  the 
rural,  industrial,  and  governmental  developments  in  the  region  that 
might  make  suitable  sites.  Through  this  process,  eight  locations 
were  selected  for  possible  use,  two  adjacent  to  Willow  Run  Airport, 
a  fence-enclosed  automotive  testing  facility,  and  five  rural  sites. 
Many  of  the  sites  had  to  be  eliminated  because  of  availability,  se¬ 
curity,  or  soil  conditions. 
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One  of  the  sites  considered  in  detail  is  located  about  7  mis. 
southeast  of  the  center  of  Ann  Arbor,  and  about  10  mis.  west  of 
Willow  Run  Airport,  where  the  ERIM  Flight  Faciltiy  is  located.  The 
site  is  approximately  rectangular  with  dimensions  of  roughly  200  m 
by  400  m.  The  shape  of  the  planned  test  array  could  be  modified 
slightly  to  fit  these  dimensions.  The  area  is  flat  grassland,  pre¬ 
sently  used  for  hay  crops.  However,  this  site  was  rejected  because 
it  was  found  to  have  soil  characteristics  not  fully  representative 
of  West  German  terrain  of  interest. 

The  site  finally  selected  for  the  first  test  array  has  charac¬ 
teristics  representative  of  the  North  German  Plain.  The  twenty  acre 
site  is  situated  on  the  185  acre  Warner  farm  in  Pittsfield  Township 
of  Washtenaw  County  approximately  one  mile  west  of  Ann  Arbor  Air¬ 
port.  The  area  is  shown  in  Figures  2-1  and  2-2.  The  twenty  acres 
is  at  the  southwest  corner  of  the  farm  and  is  approximately  one-half 
mile  from  any  public  road.  It  is  accessed  by  a  private  lane.  After 
acquisition  of  the  site,  a  gate  was  installed  to  limit  unwanted 
traffic  in  this  lane.  The  area  is  typical  Michigan  countryside  and 
the  field  is  bounded  by  a  wood  lot  on  the  west  side  and  a  portion  of 
the  south  side,  and  bounded  by  the  lane  and  a  drainage  ditch  on  the 
east  side.  The  area  was  planted  in  alfalfa  a  few  years  prior  to  its 
use  as  a  test  site  so  the  vegetation  is  a  mixture  of  alfalfa  with 
other  grasses.  The  soil  types  include  Matherton  sandy  loam  and 
Sebawa  loam. 

Soil  maps  of  this  site  were  obtained  and  soil  samples  were  for¬ 
warded  to  MERA0C0M  for  analysis.  MERADC0M  reviewed  the  site  charac¬ 
teristics  and  reported  that  the  soil  types  were  suitable.  Once  ap¬ 
proval  of  the  site  characteristics  was  received,  ERIM  proceeded  with 
arrangements  for  leasing  the  site. 
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FIGURE  2-2.  AF.RIAl.  PHOTOGRAPH  OF  TEST  ARRAY  AND  ENVIRONS 
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TEST  MINE  PROCUREMENT 


Four  types  of  mines  were  used  in  the  test  array  as  shown  in 
Figure  3-1.  They  were  the  M-15,  M—  T9,  PM-60,  and  artillery  scatter- 
able  mines.  Plastic  PM-60  and  metallic  TM-46  Russian  mines  were  re¬ 
placed  in  our  tests  with  simulated  PM-60's  procured  under  this  con¬ 
tract  and  metallic  U.S.  Army  M-15's  which  are  roughly  equivalent  to 
the  TM-46.  Supplementary  data  to  show  the  equivalency  of  the  simu¬ 
lated  PM-60  to  the  real  PM-60  and  also  the  M-16  U.S.  antitank  mine 
to  the  TM-46  Russian  equivalent  are  presented  in  Appendix  A. 

It  was  originally  proposed  that  dummy  mines  to  be  used  in  the 
test  array  would  be  supplied  as  GFE.  However,  to  supplement  mines 
available  on  a  GFE  basis,  it  was  later  decided  that  ERIM  would 

undertake  procurement  of  the  mines  as  a  separate  task  in  the  pro¬ 
ject.  Plans  for  obtaining  450  dummy  PM-60  mines  were  developed. 
The  physical  characteristics  of  the  mines  (size,  shape,  metallic 
content,  dielectric  characterisitcs  of  non-metallic  materials,  ther¬ 
mal  characteristics,  surface  spectral  characteristics)  were  speci¬ 
fied  by  ERIM  in  sufficient  detail  so  that  solicitation  of  bids  for 
the  mines  could  proceed.  For  this  purpose,  spectral  measurements 

were  made  on  the  coating  of  the  mines.  A  sample  of  a  metallic  fuze 
was  obtained  from  MERADCOM  so  that  its  characteristics  could  be  ac¬ 
curately  simulated. 

One  problem  addressed  in  performing  the  test  program  was  the 
selection  and  use  of  suitable  paint  for  the  test  mines.  ERIM  worked 
with  Dr.  Fred  L.  Lafferman  (DRDME-VO)  at  MERADCOM  to  specify  paint 
which  closely  simulates  the  Soviet  PM-60  paint.  Dr.  Lafferman  an¬ 
alyzed  a  paint  chip  from  the  PM-60  sent  to  him  by  ERIM  and  informed 
ERIM  that  TTE-529  olive  was  satisfactory  for  measurements  at  1.06 

and  10.6  micrometers.  ERIM  obtained  standard  Army  paint  (529c)  from 
the  U.S.  Army  Tank-Automotive  Research  and  Development  Command 
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(C)  PM  60  Plastic  (D)  Scatterable  Mines-Metallic 


FIGURE  3-1 

MINES  USED  IN  TEST  ARRAY 
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(TARADCOM)  and  used  it  to  paint  the  four  dummy  PM-60  mines  used  in 
early  tests. 

Based  on  recommendations  received  from  Dr.  lafferman,  ERIM  or¬ 
dered  and  received  paints  that  simulate  those  used  for  Russian 
mines.  These  paints  were  obtained  from  Ameron  Industry  Coatings  of 
Wichita,  KA.  TTE  529  olive  paint  was  used  with  the  plastic  mines, 
and  TTL  20  lacquer  paint  was  used  with  the  metal  mines. 

Quotations  were  obtained  from  potential  suppliers  of  dummy  mines 
and  after  a  period  of  negotiation,  one  of  them  was  selected.  Dis¬ 
cussions  between  ERIM  and  MERADCOM  were  then  held  concerning  a 
supplement  to  the  existing  contract  which  would  enable  ERIM  to  ob¬ 
tain  450  simulated  PM-60  mines  for  the  experimental  program.  Pend¬ 
ing  approval  of  this  add-on,  ERIM  in  April  1979  authorized  the  ven¬ 
dor  to  proceed  with  fabrication  of  tooling  for  the  mines  at  a  cost 
of  $2,100. 

A  sample  mine  made  from  production  tooling  was  supplied  to 
MERADCOM  for  comment  and  approval.  The  requirement  for  fuzes  and 
fuze  wells  in  the  first  190  mines  was  deleted.  It  was  decided  that 
only  20  mines  would  be  supplied  with  fuzes  and  fuze  wells. 

Based  on  this  review  and  approval,  ERIM  authorized  the  vendor  to 
fabricate  190  mines  for  delivery  on  or  before  6  July.  This  delivery 
date  was  selected  to  allow  adequate  time  for  installation  of  the 
mines  in  the  array  prior  to  conducting  tests  on  the  spotlight  radar. 

Of  the  190  mines  fabricated,  150  mines  were  used  in  the  array. 
The  remaining  40  were  sent  to  Yuma  for  MERADCOM  tests  of  a  mine  de¬ 
tector  scheduled  for  mid-July,  in  accordance  with  MERADCOM' s  request. 

Arrangements  were  also  made  through  the  Selected  Ammunition  Pro¬ 
ject  Office  of  Picatinny  Arsenal  to  obtain  50  inert  scatterable 
anti-vehicular  mines.  When  these  mines  were  received,  they  were 
painted  for  use  in  the  test  array. 


About  500  mines  were  obtained  from  Ft.  Huachuca  for  use  in  test¬ 
ing.  These  were  predominantly  metal  M-15  mines,  but  some  plastic 
M-19  mines  were  included.  On  receipt,  100  of  the  metal  M-15  mines 
were  painted  field  green  and  marked  as  inert  mines  for  use  in  the 
arr ay. 

After  tests  were  conducted  at  Test  Array  No.  1  using  the  above 
mines,  it  was  decided  that  the  additional  simulated  PM-60  mines  to 
reach  a  total  of  450  were  not  needed,  and  plans  for  their  fabri¬ 
cation  were  not  implemented. 
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The  general  layout  of  the  test  site  and  its  surroundings  is 
shown  in  Figures  4-1  and  4-2.  It  is  basically  a  standard  twenty 
acre  field  that  is  1/4  x  1/8  mile  in  size,  roughly  200  m  by  400  m. 
The  total  area  is  divided  into  16  rectangular  areas  or  elements, 
each  50  by  100  m  in  size.  As  discussed  in  Section  5,  each  of  the 
elements  is  used  for  installation  of  dummy  mines,  either  surface  or 
buried,  in  specific  configurations,  for  the  location  of  various  an¬ 
cillary  military  items,  as  an  undisturbed  control  area,  or  for  the 
location  of  special  instrumentation  or  calibration  units.  Section  4 
describes  the  test  site  vegetation,  soil  conditions,  and  soil  mois¬ 
ture  content. 

4.1  TEST  SITE  VEGETATION 

The  test  site  vegetation  was,  generally  speaking,  alfalfa  plus 
mixed  grasses.  The  general  area  to  the  south  and  west  were  bordered 
by  a  mature  hardwood  forest  and  to  the  east  by  an  access  lane  and 
hedge  row  consisting  of  trees  and  shrubs  up  to  50  years  old.  The 
alfalfa  field  continued  beyond  the  north  side  of  the  test  site. 
There  was  a  fence  and  hedge  row  in  the  E-W  direction  between  ele¬ 
ments  1-4  and  5-8  that  contained  trees  and  bushes  that  were  at  least 

twenty  years  old.  In  addition  to  this,  there  were  four  large  mature 
oak  trees  located  in  the  alfalfa  field. 

The  alfalfa  in  elements  1-4  was  a  recent  planting  (3  years  old) 
and  had  fewer  weeds  and  miscellaneous  grasses  in  it  than  the  alfalfa 
in  elements  5-16  (6  years  old),  although  it  was  evident  by  some  of 
the  uneven  growth  in  elements  5-16  that  some  reseeding  had  taken 

place  in  the  lasc  few  years.  The  field  experiments  were  set  up  so 

that  no  digging  or  major  disturbance  were  made  in  elements  1-4;  this 
area  was  used  for  surface  mines  only  and  was  mowed  during  the  week 
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of  July  4th.  The  alfalfa  in  elements  5-16  was  mowed  the  second  week 
in  June  since  it  was  in  this  area  where  most  of  the  test  site  pre¬ 
parations  were  required  such  as  calibration  arrays,  buried  mines, 
etc.  For  this  reason  the  vegetation  was  taller  by  about  4  to  7  in 
during  the  data  taking  phases  of  July  and  August  in  the  5-16  ele¬ 
ments.  Figure  4-3  shows  the  average  vegetation  heights  plotted  dur¬ 
ing  the  experimental  program.  Figures  4-4  A,  B,  &  C  show  the  gene¬ 
ral  vegetation  in  elements  1-4  and  5-16  respectively. 

The  vegetation  density  in  elements  1-4  was  fairly  uniform, 
whereas  the  density  in  elements  5-16  tended  to  be  streaked  in  the 
E-W  direction  because  of  variations  in  the  reseeding.  These  streaks 
can  be  seen  in  some  of  the  imagery  and  could  easily  be  confused  as 
vehicle  path  marks.  The  actual  height  of  the  vegetation  was  fairly 
dependent  on  weather  conditions  once  the  alfalfa  was  over  18  in 
high.  On  rainy  days  or  when  there  was  excessive  moisture  on  the 
foliage,  there  was  considerable  matting  so  that  the  measured  height 
would  be  less  than  1  ft. 

4.2  SOIL  CONDITIONS  AND  SOIL  MOISTURE  CONTENT 

The  terrain  of  the  test  site  contains  two  main  soil  types, 
Matherton  sandy  loam  and  Sebawa  loam.  It  has  a  few  small  stones  but 
no  noticeable  rocks  of  significant  size.  There  is  a  large  drainage 
ditch  on  the  eastern  edge  of  the  site  and  the  wooded  area  to  the 
west  is  slightly  lower  in  elevation  than  the  open  field.  There  is  a 
very  gentle  slope  downward  to  the  western  one-third  of  the  site  so 
that  any  water  accumulation  on  the  field  tends  to  be  at  the  west  end. 

A  nunber  of  soil  samples  were  delivered  to  MERADCOM  for  evalua¬ 
tion  of  soil  constituents  and  moisture  content.  The  soil  texture 
ranging  from  very  fine  sandy  loam  to  heavier  loam  was  representative 
of  the  central  region  of  West  Germany. 
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Moisture  content  measured  in  late  March  was  found  to  be  24%  and 
again  in  mid-July  was  found  to  be  18%.  These  numbers  are  higher 
than  normal  for  Michigan  because  of  the  abnormal  amount  of  rain  that 
occurred  during  the  spring  and  summer,  but  would  be  considered 
fairly  typical  for  West  Germany. 
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(A)  Elements  1&2  Mid  July  (B)  Elements  1&2  Early  August 
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TEST  ARRAY 


Figure  5-1  is  a  layout  of  the  test  array.  The  approximate  200 
by  400  m  area  is  divided  into  16  rectangular  areas  or  elements,  each 
50  by  95  m  in  size.  The  16  test  elements  were  utilized  as  follows: 

(1)  11  elements  of  mine  configurations 

(2)  2  elements  of  military  vehicles  and  components 

(3)  2  elements  of  calibration  and  instrumentation  array 

(4)  1  empty  reference  element 

The  test  site  was  surveyed  and  marked  with  sufficient  stakes  and 
lines  to  achieve  2  ft  location  accuracies  within  the  elements.  The 
element  corners  were  implanted  with  5  ft  steel  fence  posts,  super¬ 
imposed  with  2  ft  x  2  ft  horizontal  white  fiber  boards  and  radar 
corner  reflectors. 

5.1  TEST  MINES 

Test  elements  1,  2,  3,  5,  6,  7,  8,  9,  10,  12,  and  16  were  used 
for  various  test  mine  configurations.  The  objective  was  to  have  as 
many  variations  as  practical  that  represent  real  field  conditions. 

5.1.1  SURFACE  MINES 

Elements  1,  2,  and  3  were  used  to  distribute  surface  mines  of 
the  three  mine  types  that  were  available  in  adequate  quantities 
(M-15,  M- 19,  and  PM-60's),  whereas  element  4  is  empty  and  undis¬ 
turbed.  The  fields  were  as  undisturbed  as  practical  to  simulate 
field  conditions.  Figure  5-2  shows  the  dimensions  within  these  ele¬ 
ments  that  mark  the  locations  of  the  surface  mines.  Whenever  condi¬ 
tions  permitted,  a  vehicle  loaded  with  fresh  mines  was 
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stationed  in  element  2  during  flight  tests  for  the  purpose  of  sub¬ 
stituting  approximately  ten  mines  for  those  that  had  been  stabilized 
thermal ly. 

5.1.2  HAND-BURIED  MINES 

Test  elements  5,  6,  9,  and  10  were  variations  of  hand  buried 
mines.  Figures  5-3,  5-4,  &  5-7  show  the  dimensional  locations  of 
the  M-15's,  PM-60's  in  elements  5,  6,  and  10;  Figure  5-6  shows  the 
dimensions  of  the  minecord  M-15's  used  in  element  9. 

5.1.3  MINELAYER  BURIED  MINES 

Elements  7  and  8  were  devoted  to  variations  in  machine  laid 
mines.  Element  7  was  planted  with  M-15's  using  the  GFE  minelayer 
plow  pulled  by  a  2-1/2  ton  truck.  The  element  had  four  lines  of 
mines  as  shown  in  Figure  5-5.  Two  of  these  lines  were  smoothed 
somewhat  with  shovels  to  help  conceal  the  furrows  and  the  other  two 
lines  were  left  as  plowed  by  the  minelayer.  The  minelayer  did  not 
distribute  the  mines  at  uniform  distances  in  the  element.  The  di¬ 
mensions  in  the  figure  show  where  the  actual  locations  of  the  mine 
were.  Element  8  was  plowed  with  four  furrows  but  no  mines  were 
buried  in  this  element.  In  element  8  two  of  the  furrows  were  left 
uncovered  and  the  other  two  had  the  furrows  recovered.  The  layout 
for  element  8  is  the  same  as  for  element  7. 

5.1.4  SCATTERABLE  MINES 

Elements  12  and  16  were  used  for  setting  up  the  scatterable 
mines.  Figure  5-8  shows  the  locations  of  the  scatterable  mines  and 
the  impact  holes  of  the  delivery  projectiles.  Scarf  marks  left  by 
the  mines  as  they  impact  and  roll  to  a  resting  place  were  simulated 
near  each  mine.  Since  the  mines  are  not  symmetrical,  notations  were 
made  designating  the  orientation  when  they  finished  rolling.  The 
test  elements  were  set  up  as  if  5  shell  projectiles  were  delivered 
in  the  test  zone. 
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5.2  MILITARY  VEHICLES  AND  INFERENTIAL  CHARACTERISTICS 

In  addition  to  test  mines,  other  items  of  military  equipment 
were  obtained  and  used  in  the  test  array.  A  minelayer  was  obtained 
for  use,  and  was  generally  located  in  the  element  with  furrows.  In 
addition  several  military  vehicles  and  decoys  were  obtained  from  the 
U.S.  Army  Tank-Automotive  Research  and  Development  Command 
(TARADCOM).  The  vehicles  included  an  armored  personnel  carrier,  a  2 
1/2  ton  truck,  a  jeep,  and  an  M-60  tank.  The  decoys  were  mainly  to 
simulate  radar  characteristics  and  consisted  of  metalized  inflated 
balloons,  various  shell  casing  configurations,  a  camouflage  net  and 
prefab  boxes. 

Other  identifying  features  that  appear  in  some  minefields  were 
incorporated  into  the  scene.  A  200  m  barbed  wire  fence  was  in¬ 
stalled  on  the  south  edge  of  the  buried  mines  in  elements  6  and  7. 
The  vehicle  traffic  involved  in  the  logistics  of  setting  up  the  var¬ 
ious  elements  caused  lanes  and  ruts  to  be  formed  in  the  field. 
Other  tracks  caused  by  the  heavy  military  vehicles  were  also  evident 
in  the  field.  Also  foxholes  were  incorporated  near  one  of  the  ele¬ 
ments  where  decoys  and  military  vehicles  were  situated. 

5.3  GROUND  TRUTH 

As  an  aid  in  the  analysis  and  interpretation  of  flight  test  im¬ 
agery  or  ground-based  imagery  collected  for  the  test  array,  it  is 
essential  that  extensive  ground  truth  be  collected  before  and  during 
each  test.  On  site  photos  were  then  taken  of  the  test  array  during 
the  program.  Two  sets  were  made,  one  for  MERADCOM  and  the  second 
for  ERIM.  Equipment  and  facilities  were  provided  at  the  test  array 
for  collection  and  recording  of  the  following  types  of  information: 

5.3.1  WEATHER  INFORMATION 

Oata  were  collected  at  the  site  for  the  following  parameters: 

Air  temperature 

Precipitation 
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Wind  direction 

Wind  speed 

Cloud  cover  data  (percent  cover,  cloud  types,  cloud  heights) 

In  addition  to  measurements  made  at  the  test  array,  data  were 
collected  from  other  sources.  The  National  Airport  Weather  Sequence 
was  collected  from  nearby  University  of  Michigan  Weather  Station  lo¬ 
cated  in  Ann  Arbor.  (See  Appendix  B). 

5.3.2  TERRAIN  CONDITIONS 

Oata  were  also  collected  on  the  following  terrain  conditions: 

-Soil  moisture  content 

-Vegetation 

Cover  types 
Plant  height 
Plant  density 

5.3.3  CALIBRATION  DATA 

Certain  types  of  ground-based  data  are  required  as  a  means  for 
calibrating  the  airborne  sensors  under  test.  These  items  were 
mainly  contained  in  element  11. 

Calibration  data  for  temperature  sensitive  sensors  was  provided 
by  the  use  of  special  temperature  calibration  surfaces  and  de¬ 
vices.  Several  temperature  reference  panels  were  placed  within  the 
test  array.  Each  panel  was  large  enough  to  cover  several  pixels  in 
the  sensor  image.  A  water  pond  of  known  temperature  was  also  used 
for  this  purpose.  A  small  heat  exchange  panel  was  constructed  con¬ 
sisting  of  adjacent  surfaces  of  black,  white,  and  gray.  Thermo¬ 
meters  were  placed  behind  each  surface.  The  device  was  then  placed 
on  the  surface  of  the  ground.  The  three  surfaces  were  several 
inches  above  the  ground  surface  and  effectively  insulated  from  the 
surface  thermally.  The  temperature  of  each  panel  was  recorded  be¬ 
fore  and  during  the  flyover.  A  solar  cell  covered  by  a  diffusing 
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screen  was  used  to  measure  short  wave  daylight,  and  air  temperature 
in  the  shade  was  also  measured.  This  information  is  sufficient  to 
extract  the  values  of  basic  parameters  which  can  be  used  in  thermal 
modeling  to  extrapolate  the  test  results  to  other  conditions  of 
environment  and  weather. 

For  tests  of  photographic  or  thermal  imaging  systems,  gray-scale 
reference  canvases  and  spatial  resolution  panels  were  placed  in  the 
test  array.  The  spatial  resolution  panels  can  also  be  used  for 
checking  the  spatial  resolution  of  thermal  imaging  systems. 

For  calibration  of  radar  systems,  radar  retroref lectors  of  known 
radar  cross  section  were  placed  at  various  points  in  the  test 
array.  The  radar  targets  included  corner  reflectors  at  each  of  the 
element  corners  throughout  the  array,  metal  cylinders  on  metallic 
ground  planes  (top  hats),  large  surface  no-return  areas  (metallic 
sheets)  and  large  metal  upside  down  cylinders  ranging  in  size  from 
standard  5  gallon  to  55  gallon  drums. 

5.3.4  GROUND  BASED  IMAGERY 

Thermal  images  of  mines  and  background  areas  were  obtained  with 
a  ground-based  thermal  imaging  system.  In  addition,  ground-based 
photography  was  obtained  to  record  the  exact  conditions  existing  at 
the  time  of  each  overflight. 

In  order  to  investigate  the  ability  to  detect  mines  from  the 
ground,  other  tests  were  conducted  by  obtaining  color  movie  coverage 
from  a  jeep  as  it  moved  into  and  through  a  minefield.  This  coverage 
simulated  typical  ground  observation  of  a  minefield  from  a  vehicle. 
Similar  coverage  at  eye  level  for  a  walking  man  was  also  obtained. 
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TEST  CONDITIONS  FOR  FLIGHT  TESTS 


Test  Array  No.  1  was  used  in  a  series  of  flight  tests  conducted 
during  July  and  August  1979.  These  flights  included  the  following: 

(1)  Handheld  Minicam,  Piper  Cub  -  19  and  20  July. 

(2)  KS-878  photographic  coverage,  RF-8G  -  12  July,  27  July 
(Also  attempted  25  July). 

(3)  FLIR  and  KA-76  photographic  coverage,  Mohawk  aircraft  -  19 
July,  4  flights:  6  AM,  10  AM,  4  PM,  and  9  PM;  20  July,  2 
flights:  10  AM  and  12:30  PM. 

(4)  Passive  infrared  coverage  with  AAD-5  scanner,  RF-4C  -  1 
August. 

(5)  Spotlight  radar  coverage  with  ERIM  CV-580  aircraft  -1,2, 
and  3  August. 

In  this  section,  test  conditions  are  recorded  for  each  of  the 
above  flights.  The  data  presented  include  the  location  of  mines, 
military  equipment,  instrumentation,  etc.,  on  the  test  array 
(Figures  6-1  through  6-12)  and  weather  data.  (Tables  6-1  through 
6-4).  Table  6-5  shows  the  times  at  which  the  various  elements  were 
completed  in  the  test  array. 
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FIGURE  6-1.  MINEFIELD  LAYOUT,  JULY  19, 1979,  6.-00  AM 
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FIGURE  6-3.  MINEFIELD  LAYOUT,  JULY  19,  1979,  4:10  PM 
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FIGURE  6-6.  MINEFIELD  LAYOUT.  JULY  20.  1979,  12:30  PM 
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FIGURE  6-7.  MINEFIELD  LAYOUT,  JULY  25,  1979,  12:00  NOON 
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FIGURE  6-11.  MINEFIELD  LAYOUT,  AUGUST  3,  1979,  12:00  NOON 
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FIGURE  6-12,  MINEFIELD  LAYOUT,  SEPTEMBER  1976 
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TABLE  6-1 

GROUND  TRUTH  TEMPERATURES,  °C,  FOR  OV-1D  (MOHAWK)  FLIGHT 


ANN  ARBOR  TEST 

SITE,  19 

JULY  1979, 

11:00  AM 

TEST 

SAMPLES 

| - 

3 

4 

1) 

Unpainted  M-15's 
Element  5 

43° 

40° 

41° 

44' 

2) 

PM-60 1 s 

Element  5 

51° 

50° 

50° 

53' 

3) 

Scattermi nes 

Element  5 

36° 

36° 

24  °* 

37° 

4) 

Painted  M-15's 

Element  5 

40° 

41° 

41° 

41° 

5) 

M-19 1 s 

Element  5 

38° 

38° 

38° 

44° 

6) 

Water  Pond 

Element  11 

20° 

20° 

21° 

7) 

Air  Temp. 

Element  6 

8) 

Heat  Exchange  Panels 

White 

22° 

Element  11 

Gray 

32° 

Black 

54° 

9) 

Gray  Scale  Panels 

White 

1 

2 

3 

4 

38° 

45° 

48° 

50° 

38° 

45° 

47° 

52° 

10) 

Hand  Buried  M-15's 

35° 

32° 

35° 

ID 

Hand  Buried  PM-60 's 

48° 

46° 

49° 

12) 

Back  Ground  High 

20° 

Low 

23° 

Machine  Buried  M-15's 

32° 

38° 

*Unp ainted  and  Shiny 


48 


Dark 

5 

50° 

52° 


GROUND  TRUTH  TEMPERATURES,  °C,  FOR  OV-1D  (MOHAWK)  FI  TfHT 
™  ARBOR  TEST  SITE,  19  0ULv'l979,  4:o5  PM  ATO  9:15  PM 


TEST  SAMPLES 
2  3  4 


1) 

Unpainted  M-15's 
Element  5 

52° / 18° 

52°  / 18 

’  52°  /20‘ 

'  50°/18' 

> 

2) 

PM-60 1 s 

Element  5 

60° / 1 7° 

58° / 16' 

5  59° / 1 7° 

58° / 1 7° 

3) 

Scatter  Mines 

Element  5 

45° / 18° 

46° /20” 

'  20° / 1 7° 

*41 ° / 19° 

4) 

Painted  M-15's 

Element  5 

50°/20° 

50°/20° 

51 ° / 18° 

52°/ 20° 

5) 

M-19 1  s 

Element  5 

48° / 16° 

50° / 16° 

48°/ 16° 

49° / 16° 

6) 

Water  Pond 

Element  11 

37°  /25° 

30°/22° 

31°/21° 

36°/20° 

32 °/22‘ 

7) 

Air  Temp 

Element  6 

8) 

Heat  Exchange  Panels 

White 

30°/ 15° 

9) 

Gray 

8  lack 

55° / 14° 
56°/ 16° 

Gray  Scale  Panels 

Wh  i  te 

Dark 

5 

Element  11 

1 

2 

3 

4 

40°/10° 

48°/ll° 

52° / 10° 

54° / 12° 

58° / 1 2° 

10) 

40° / 10° 

48°/10° 

50° / 10° 

56° / 12° 

58° / 12° 

Hand  Buried  M-15's 

54°/ 16° 

53°/16° 

52° / 16° 

ID 

Hand  Buried  PM-60' s 

41 ° / 1 5° 

61 °/ 16° 

63  °  / 1 5  ° 

12) 

BackGround 

High 

23°/ 14° 

13) 

Low 

30°/ 14° 

Machine  Buried  M-15's 

None 

*Unpafnted  and  Shiny 
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TABLE  6-3 

GROUND  TRUTH  TEMPERATURES,  °C,  FOR  OV-1D  (MOHAWK)  FLIGHT 
ANN  ARBOR  TEST  SITE,  20  JULY  1979,  10:00  AM  and  12:30  PM 


TEST  SAMPLES 


2 

3 

4 

1) 

Unpainted  M-15's 
Element  5 

22°/ 58° 

30°/56° 

34° / 54° 

34°/48° 

2) 

PM-60 1  s 

Element  5 

39°/69° 

38° /66° 

38°/64° 

38°/66° 

3) 

Scatter  Mines 

Element  5 

22°/ 44° 

21 ° /48° 

8°/20°* 

20°/40° 

4) 

Painted  M-15's 

Element  5 

33°/54° 

33°/ 56° 

32°/ 55° 

34°/ 56° 

5) 

M-19's 

Element  5 

28°/60° 

25°/60° 

27°/58° 

38°/62° 

6) 

Water  Pond 

Element  11 

18°/26° 

18° /30" 

20°/32° 

19°/28° 

7) 

Air  Temp. 

Element  6 

8) 

Heat  Exchange  Panels 

White 

Gray 

Black 

24°/ 36° 
37° / 60° 
42°/66° 

9) 

Gray  Scale  Panels 

White 

1 

24°/44° 

2 

28°/56° 

3 

31  ° / 59° 

Dark 

4  5 

32°/63°  30°/65 

10) 

Hand  Buried  M-15's 

26°/52° 

26°/44° 

22° / 48° 

ID 

Hand  Buried  PM-60' s 

30°/44° 

32° / 60° 

24°/68° 

*Unpainted  and  Shiny 
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TABLE  6-4. 

GROUND  TRUTH  TEMPERATURES,  *C,  FOR  RF-4C  FLIGHT, 
ANN  ARBOR  TEST  SITE,  1  AUGUST  1979,  11:00  AM 


1) 

Unpainted  M-15's 

Element  15 

1 

30° 

TEST 

2 

29“ 

SAMPLES 

1 

30“ 

4 

30° 

2) 

PM-60 1 s 

Element  15 

34° 

32“ 

32“ 

34“ 

3) 

Scatter  Mines 

Element  15 

22“ 

26“ 

28° 

28“ 

4) 

Painted  M-15's 

Element  15 

29“ 

29“ 

30° 

29“ 

5) 

M-19's 

Element  15 

32° 

30° 

30° 

31“ 

6) 

Water  Pond 

Element  11 

20° 

20° 

20° 

20° 

7) 

Air  Temp 

Element  6 

25° 

24“ 

8) 

Heat  Exchange  Panels 
Element  11 

White 

Gray 

Black 

23“ 

34° 

34“ 

9) 

Gray  Scale  Panels 

White 

1 

24“ 

25“ 

2 

28° 

29° 

3 

30° 

30° 

4 

32° 

32“ 

10) 

Hand  Buried  M-15's 
Element  5 

20° 

18° 

24° 

ID 

Hand  Buried  PM-60 
Element  6 

26“ 

26° 

28° 

12) 

Background 

High 

Low 

18° 

22° 

13) 

Machine  Buried  M— 1 5 1 s 

26“ 

26° 

28° 

>  **■ 
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TABLE  6-5 


SCHEDULE  OF  MINEFIELD  TEST  COMPONENTS 


Element 

Contents 

Date  Finis’ 

1 

Painted  M-15  surface 

Mines  spaced  at  25'  intervals 

07/18/79 

2 

PM-60  surface  mines  spaced 
at  25'  intervals 

07/18/79 

3 

M-19  surface  mines  spaced 
at  25'  intervals 

07/18/79 

4 

Empty 

5 

M-15  hand  buried  mines 
spaced  at  17'  intervals 

07/05/79 

6 

PM-60  hand  buried  mines 
spaced  at  17'  intervals 

07/06/79 

7 

M-15  minelayer  buried  mines 
spaced  at  assorted  intervals 

07/08/79 

8 

A)  Open  and  closed  mine  furrows 

2  of  each  alternating  rows 

B)  Short  open  furrow 

07/08/79 

9 

A)  M-15  hand  buried  mine  in  mine 
cord  pattern  in  SE  corner  only 
*  B)  20  misc  surface  mines 

C)  Large  radar  corner 

07/19/79 

08/03/79 

10 

A)  Dummy  mine  holes  spaced  at 

25'  intervals 

B)  No  return  areas  (12'  x  12') 

07/26/79 

11 

Tophats 

No  return  areas  (4'  x  4') 

**  Pool  112  (12* **  x  12') 

Canvas  panels 

08/01/79 
07/26/79 
07/19/79 
Set  out  1 
every  f 1 : 

*  The  20  misc  surface  mines  were  moved  to  element  15  on  07/26/79 

**  Pool  //I  was  built  on  07/18/79  then  torn  down  and  replaced  with 
pool  #2  on  07/19/79 
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TABLE  6-5.  (Continued) 


Element 


12 

13 


14 


15 


16 

Misc 


Contents 

Scatterable  mines  spaced  in 
assorted  patterns  and  intervals 

Screen 

Radar  Corners 
US  Army  vehicle 
Aluminim  angles 

Rectangle 

Shell  casing  (misc) 

INF  donuts 
Frame 
Tank 
APC  113 

20  misc  mines 

No  return  area  (8'  x  8') 

Four  foxholes 

Scatterable  mines 

Fence  posts 

Radar  corners  on  ground  by  fence  posts 
Radar  corners  on  fence  posts 
Barbed  wire  fence 


Date  Finished 


07/19/79 


07/19  &  20/79 


07/19  £,  20/79 


07/26/79 

07/26/79 

07/23/79 

07/19/79 

07/11/79 

07/26/79 

08/03/79 

07/10/79 
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APPENDIX  A 


ASSESSMENT  OF  MINE  CHARACTERISTICS 


This  appendix  contains  four  memos  discussing  measurements  and 
analyses  of  mines  carried  out  to  test  the  equivalency  of  the  simu¬ 
lated  PM-60  to  the  real  PM-60  and  the  M— 1 5  U.S.  antitank  mine  to  the 
TM-46  Russian  equivalent.  Conclusions  reached  from  these  measure¬ 
ments  and  analyses  are  summarized  below. 

1.  Memo,  E.  L.  Johansen  to  H.  McKenney,  23  May  1979,  "X-Band 
RCS  Measurements  on  New  Simulated  PM-60". 

Radar  cross-section  measurements  were  made  of  a  new  simulated 
PM-60  and  a  real  PM-60  filled  with  wax.  The  measurements  indicate 
that  the  simulated  PM-60  has  the  same  mean  cross  section  as  the  real 
PM-60  and  is  therefore  a  good  replacement  for  it  in  the  mine  arrays 
for  measurements  with  imaging  radars  operating  in  X-band. 

2.  Memo  AD-DB-331,  D.  Bornemeier  to  H.  McKenney,  22  May  1979, 
“Simulated  PM-60' s". 

Inspection  of  the  simulated  PM-60  indicated  that  the  electro- 
optical  response  should  be  similar  to  the  real  PM-60  if  two  coats  of 
paint  are  applied  to  the  simulated  PM-60.  For  thermal  simulation, 
the  similarity  is  questionable  since  the  present  fill  of  the  simu¬ 
lated  PM-60  is  only  about  11  lb.  compared  to  25  lb.  for  the  real 
mine. 

3.  Memo  AD-DB-509,  D.  Bornemeier  to  H.  McKenney,  22  October 
1979,  "Thermal  Match  of  PM-60' s". 

Measurements  were  carried  out  to  estimate  the  degree  to  which 
the  simulated  PM-60  mines  simulate  the  thermal  response  of  the  real 
PM-60' s .  Since  a  real  PM-60  was  not  available,  for  comparison,  it 
was  represented  by  filling  an  empty  dummy  casing  with  toluene  to 
simulate  the  thermal  characteristics  of  TNT  and  a  thin  air  bubble 
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was  incorporated  at  the  top,  similar  to  that  contained  in  the  real 
mine. 

The  toluene-filled  PM-60  and  wax-filled  simulated  PM-60  were 
tnen  placed  on  open  grass  and  observed  frequently  with  an  8  to  14  ym 
radiometer  during  both  cloudy  and  sunny  weather.  The  observed  tem¬ 
perature  difference  did  not  exceed  3°C,  and  was  mostly  less  than 

1°C.  It  is  concluded  that  the  simulated  mines  are  adequate  thermal 
representations  of  the  real  PM-60' s. 

4.  Memo  SP-79-692,  D.  Bornemeier  to  H.  McKenney,  13  December 
1979,  "Results  -  TM-46  Measurements". 

Radiometric  measurements  at  8  to  14  ym  were  made  during  December 
on  a  real  TM-46  anti-tank  mine,  a  simulated  PM-60,  and  two  inert 

M—  15s  painted  to  match  the  TM-46.  The  M—  15s  were  found  to  give  a 

good  thermal  approximation  to  the  real  TM-46.  However,  the  TM-46 

has  noticeably  less  thermal  inertia  than  the  M— 1 5 . 
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23  May  1979 


MEMORANDUM  TO:  II.  McKenncy 
FROM:  E.E.  Johansen 

SUBJECT:  X-bnnd  RCS  Measurements  on  New  Simulated  PM-60 

Project  138331 


We  recently  received  two  new  simulated  PM-60  mines  from  Lhe  manu¬ 
facturer.  With  the  rotary  platform  instrumentation,  we  made  cross- 
section  measurements  of  t lie  new  simulated  PM-60  and  of  a  real  PM-60 
filled  with  wax.  The  center  frequency  of  the  measurements  was  10  GHz 
and  the  depression  angle  3°.  The  polarizations  were  vertical  and 
horizontal. 

For  the  measurements  the  returns  of  the  simulated  PM-60  and  the 
real  PM-60  filled  with  wax  were  recorded  as  the  platform  rotated.  For 
both  polarizations  the  mean  cross  section  of  the  simulated  PM-60  differed 
from  the  cross  section  of  the  real  PM-60  by  less  than  one  or  two  dB. 

The  fine  grain  structures  of  the  two  mines  were  somewhat  different;  the 
cross  section  of  the  real  PM-60  varied  more  rapidly  but  this  small 
difference  is  not  significant. 

The  cross  section  measurements  indicate  that  the  new  simulated 
PM-60  has  the  same  moan  cross  section  as  the  real  PM-60.  The  new  simu¬ 
lated  TM-60  will,  therefore,  be  a  good  replacement  for  real  PM-60's  in 
the  mine  arrays  for  measurements  with  imaging  radars  operating  in 
X-band . 
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ANALYSIS  DEPARTMENT 


22  May  1979 
AD-DB-331 


To:  H.  Me Kenney 

From:  D.  Bornemeier  1 

Subject:  Simulated  PM-60's 


I  have  inspected  the  prototype  PM-60's  (two)  received  from  the 
manufacturer  last  week!  They  appear  to  be  adequate  as  regards  the 
expected  similarity  of  EO  responses  from  them  as  compared  to  real 
PM-60,  with  the  following  reservations:  (1)  At  least  two  coats  of 
paint  should  be  applied  according  to  Lafferman  (MERADCOM) ,  and  (2) 
the  mines  with  the  present  fill  are  only  about  11  lb  compared  to 
25  lb  for  the  real  mine. 

This  later  point  is  not  important  for  active  EO  simulation,  but 
may  be  for  thermal  (passive  IR) .  There  is  however  no  requirement  that 
the  thermal  and  radar  properties  be  simulated  simultaneously.  A  quick 
measurement  using  a  hand-held  radiometer  to  compare  the  8-14^  response 
of  a  real  PM-60  and  a  simulated  PM-60  would  resolve  this  question. 


ANALYSIS  DEPARTMENT 


22  October  1979 
AD-DB-509 


To:  H.  McKenney 

From:  D.  Bornemeier 


Subject:  Thermal  Match  of  PM-60's 


Measurements  have  been  carried  out  to  estimate  the  decree  to  which 
the  existing  PM— 60  surrogate  mines  represent  (from  a  thermal  response 
standpoint)  real  PM-60's.  A  real  PM-60  with  TNT  charge  is  not  available 
for  comparison;  hence,  some  compromise  in  the  comparison  was  necessary. 
Outlined  below  is  the  procedure  used  to  estimate  thermal  match  and 
the  results. 

The  present  set  of  mines  were  made  to  simulate  radar  responses  of 
the  real  mines.  As  such,  they  were  filled  with  S  446  wax  (Shamrock 
Chemical  Company  product)  which  had  the  proper  dielect)  properties. 

A  thin,  3/8  to  1/4  inch  thick,  air  bubble  like  the  real  inrne  was  in¬ 
corporated  at  the  top  (between  the  wax  and  the  inside)  in  the  dummies. 
Upon  inquiry,  Shamrock  was  unable  to  state  the  thermal  conductivity 
or  specific  heat  of  the  S  446  wax.  Hence  no  direct  theoretical  compari¬ 
son  of  the  wax  and  TNT  could  be  made.  A  search  however  revealed  that 
toluene  has  thermal  properties  similar  to  TNT.  Tt  was  therefore  decided 
to  simulate  a  real  PM-60  by  filling  an  empty  dummy  casing  with  toluene 
to  simulate  the  thermal  aspect  of  TNT  and  the  air  bubble. 


To:  H.  Me Kenney 

Page  2 


22  October  1979 
AD-DB-509 


A  dummy  casing  was  coated  inside  with  two  coats  oi  polane  (TM) ,  a 
material  resistant  to  toluene  (the  Norel  plastic  of  the  case  is  dis- 
solveable  in  toluene)  and  dry  baked  in  a  microwave  oven.  The  mine 
was  then  filled  with  toluene  such  that  when  the  mine  was  flat  (bottom 
down)  a  bubble  of  the  same  shape  and  size  as  those  in  the  wax  versions 
was  formed. 

The  mines,  wax  filled  and  toluene  filled,  were  then  placed  on  an 
open  grass  terrain  and  observed  frequently  with  an  S-14^.m  Barnes  PRT-5 
radiometer.  Over  a  period  of  five  days,  including  cloudy  and  sunny 
October  days  in  Ann  Arbor,  the  observed  equivalent  temperature  difference 
did  not  exceed  3°C  at  any  time.  The  differences  were  for  the  most  part 
a  degree  or  less.  There  were  no  especially  sharp  changes  in  the  thermal 
driving  functions  during  this  time;  hence,  the  fast  transient  thermal 
response  which  might  occur  on  a  hot  July  afternoon  followed  by  a  heavy 
cold  rain  were  not  tested.  However,  it  appears  that  for  practical  pur¬ 
poses  the  present  mines  are  adequate  thermal  representations  of  real 
PM-60's  for  the  purposes  of  the  IR  detection  studies. 
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APPENDIX  B 


METEOROLOGICAL  DATA 


Appendix  B  contains  a  record  of  weather  observations  in  the  Ann 
Arbor  area  during  the  flight  test  period,  as  provided  by  the  Univer¬ 
sity  of  Michigan  Weather  Station  located  in  Ann  Arbor. 
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SUPPLEMENTAL  REMARKS 

KEY  FOR  SUPPLEMENTAL  REMARKS 


L 

= 

Drizzle 

RW 

= 

Rain  Shower 

R 

= 

Rai  n 

TRW 

= 

Thunderstorm 

■  + 1 

= 

Heavy 

1  1 

* 

moderate 

1  _  1 

= 

light 

'XX' 

= 

severe 

CLOUD 

EXTENT 

o 

= 

c lear  0-0.1 

© 

scattered  0.1  -  0.5 

© 

broker)  0.5  -  0.9 

© 

= 

overcast  0.9  -1.0 

RW  -  B0310E2030  =  Light  Rain  Showers  Began  3:10  AM  Ended  8:30 
F06  Vis  =  1-1/2  mi  02  =  1-1/2  vis  fog  at  2:00  AM 


iO-oJ3o-a> 


\  >  ) 


I  ) 

I  . 

,1 

i 

<  ) 

!  > 

l 

) 

> 

') 

) 

) 

~v 

> 

3 
) 

) . 

> 

V 
> 

<  ) 

) 

) 

> 

; 

) 


) 


s 


) 


3  t«  PPL  frwf/rTM.  77^ 

/?//  fife  SDT 

t.  /7?+rr  l-  £Ct&oOf  fu/  -  SoS*Oe  fO/G‘t  OCA,*,  *  —  £**ooe'3°Oj  #*+>- & iteofttnfo  zt  •*£’£'’>'■3*,  F*+Vu+  — .  °'ftKS, 

a^.OL-ot,  3~/©9-/0,  3~.*,  V~t  J-V-a/z-J®,  t  ®£q  0,-0*  '&S<SrQ<>-JY 

a.  /??««.  7V,  Aw-/joowfw/f,  <.-<|vsf,t,-»wo(  WA*  *'"*  ©Sco.-oa,  &>£■".* 

-<2>e>Sc  <*,(£>  A /o-z*-,  <4?&  <<.,<£?£  ©A,,,  ©.5, 'f’z©  °> U"  "‘  ,£’“"  ^ 

©A  .a,  ®a©/f.i»(06.«*«-*506»‘<''’(OA<wy  '®/4Ccj*  ,0*-'. 

V,  TtU'flgjjof  wo,  (i>-eo><«(Myr  <^Fco/-tt/  ©-ts-zAoj,  ©ic  •»-  »»,  ‘0/Ot'-ar  ~G>  tins  ,-GC*  I*  t  ^ 

—  ,  (D  G*  «*®-A.3  y  0A  y 

,57  /Max  *  3c?^  Got—**,  0  C»  m-  /?^  0<2<  -(DCi‘/pf  0^*av 

*,  O©/-03,  0&»**r,  Oo<m~,HJ(VCu<s-*f  ©  04.0^1/7 ,<£>CV /*-*>,  -©o-*',  oJ3-Jy 

7  0o»-iut  "Ofi ry*^  *©C,J«-iS/  “©&'•*! 

^  (H&c.,  0„.of(  ©<i~-er>,  -©  C-,  o*^>,  ,  ©C,  Z*-^  -<3>  C  *,  -CPf/ /»-/*,  ©A  -CPC-  »,  *  ,©Cr—« ,  OP*  -v 

/A?  M  i/u  *  6*fz  /»•/!  iO  ••!, 

<i,  /%.*«  73  /  /Uz-  G0VVS*  0*3O0ot',f'*o>3e  <J/,oo  */**$-,  ^^oKu-atoooenooJn^a^^r^io,  ©/»c  oz-ov,©-*  «■-<>•, 

®S.<£Mc  o7-,z,  -«©X».3-,vy<2)4Ar-z7/(pGzz^  ©<iz,/(Z)Ciza0/-®A*','©O^yC?JJ-^/  ,*»</*.  J  W>- «/, 
a-.,c(  a  y*-.  10 1  3~.  1,4  J_,  za  t  /min,  iy*~. /*  3->.  fS-rtm  ■  F*ieV>ir  ■S’~..o,.o*l6~;/?,S'ni*  3e  *  •*»*.  JVfCf\r 
/0.  0^-0^,  (Z>~-*,-dor-,»,  -<2X2)0 -®©«a.z»--. 

•0-®QJV;  Foe  i  r^./**},  v,l'  -3— ov;  /'/zz»/ZM--06,  sV**«,  ■J-'./o,  y-' ",  $-"*■  , 

Smilt-ZT,  Cm.  !Lf  Y«t,  z->-»0,  Sou  »/,  V •».  »*,  3z*>:  »3-»y 

//  fi^-c,iwe zvzr,  r»J4WO,-z(ir,  rrv**t*x>*/1oo 

-®©C,o,-«,  -®e»-.,,-®^t  a-z,;  -mud^  *,  -S>®*‘  •»*> *»y  *,*>**  >*.  ft*/**« ^  '* 

r-i-,z.*«;  ^  7RUKX  rtf,ruJ  *<*F.S  £e  -v-zZ-V-f 

J T.^P.^.IU.J  *  ~a,Wr„*~z  *«**e.r^-..«;^..**;aw*..M/; 

«,  -QAtCto,-*'  -XD/ijCtu  (©*Q.s-ot,-®«.(  -dCDG-er,  -®ot-zo,  -<2>©s«c«  /z-,*,  ,  -®0*c.z^.,r 

oz-at ,  3-wol-oir,  V-S’mi  io~i^/  $*'4-ti»6'a’l  .......  - - 

/3  /pw-»/7jc;  •<pez.,l^e.'o.,-©c.^-©-oc*^-®-©ftfc*r-o»#.'®fi»G.or^ 

-®® G.4,  ,V  ,  -C2>®C.  C"7,  ©/»'«-  ©*«—•/,  «-v-  U,J* 

a  '4«z«;a«.  X-OS'  L.  *-^  '  X ’-•>». t(./  H*"Vu>  n  *"■  «-^5-;ay. 

juzn**.o5/  sr,r 

ft!  nr*.  SS'j  TFu)4  en'.of^'o,  Ku-anso£io>C  t  *  »~TK  a,ooJ^  -®@/t  oz-ca, -doc-of 

-®©zp,«i-crr,  -GP©^-o'«  ©c^/MZMi.tzJ  «■-/»,  ©Gz©-^  rty  CZ?C'»©-*«60(  ©a-12^ 

j,y<2>a.ja/a)C-03/(3)c««v./'  Foe/Hm  •  /-.ot-.r  V»«,o»,  /»U.M-«y  1//J*  *-8m,t,.ory  ./.zay 

-a*/.  Cfr9*'  .ov  j«/t,','7|  Ofl  *,Jf 

/5-.  <2>Cu  o,-»a,  fi)A.1;  <Puy.^4  ©C.<M>-©OG*-®Oc<i*‘»,<2>C.o*-M,-®Q«»/  <D C« -®C« ,< -a,  <j2W,©C>  «*-  ^ 

»-z«,^  Oa-^Ci^o^U-Oc.ai^Oc.i*,©^-*^  6*41  h»fn**  Vu  =  3»- o7, l/». wf  ,  "««• 


tf*  i  *  V»  •  c  j 


ij  —4  a«*»r aoi  o.  7^««wW  «*♦/  A/oo  - 


O  Cj  /i 

6/".  o*f 


69 


J 


’-r-\y 


,-  2  b/ i. 


) 

) 

) 

) 

\ 

) 

) 

) 

) 

) 

) 

) 

3 

> 

) 

') 

) 

)- 

) 

y 

3 

) 

> 

) 

's 

) 

J 

) 

) 

} 


\  F&ni/SffS  t  /y/TXn  /  July  r>~>& 

u  Sfi»r.8*  Oo,.0s/®a,0<.iQ4t.07-0«  <Z>c*a*i6>A',o-i'<f®C*t!:.,<.'Q>Llr7-*/<2)c*D*"otQ>G,J,.3i. 

0^3-a  v 

r?  stf**  »7v  t  Ooi-es-fCDet  o(.f  <2?A  ©n.  »7,  (2>/t  <n>A^i£ic,  o*-/^  0cu.0sh.0ct  'i-/v/  &Cu  ^  ©c*  &>/*  * 

\  ®Cu  ~Q)C/ *7-//^  ©Cu.  /<i- aa  (  Oa*  QM<  ay 

/j?  o'#  Qoi  — /J-  ^ao‘*»V  *r  /?<*«•) 

^  G?C*  tf-a*/  C^Otm  A7  J 

C2  t0ov- oc,  fQ)Ac  oy-of ^  (S.  &  C**a~i3  m-iLtQ)Cv  Vti  4*-aj 

*/.  Oo/^»4/  -<©©>-0^  £»%/  Fn/fim&Vn*  i~i*->fC~sO?t f  H*i*)/n* 

Cr*.  o*-tOf  Ja-aj 

"(PO©|.eg  QCb -<DC**  (2)G-  (Z5Cc©6/  *i5^0P-c»^  -<2>$2Cu  •t'rtfQpio, 

7J~a*i  t  F* 4  /Mm*  Mis  *  t*,,  ct^  ^  £#*»,  03^  ^a*.  p^-//  j  i£  V/j*  V»  JVn;  (a-/^  t  m,'  /t-sv. 

"*3  fl(o--<&  'M^Sf  *0®fi  «i-e>/  “®o*-o^  ®>Jc  o?  ( -ffifiAcep,  (JJAbI,  -®/<-^/  •®(DA<i3i  ~0©/fc w 

-OOc.  “© A ft: H~Aij  H ,  /“®g /sSm^f  l/<f -  i 01^  ^Am.cn^  //H(  OS'OU,  /&/*»/07^  I'/miOP-v1) 

3 /*•*>  /O  j  Urns?  Vij*  tun,  04-cUj  3m,  u—*iytVs'2~>,  a a*ay 
a*1  Mm<*80j  Ru--(g//COll-iOO/  Ru~tit30Gf>oO/Ku)-tnc,0£i1i3-y  -®  Ot-Ovy  -&®Cjar,  -&0/U  •»  ©AOto^ 

^  -0Cap,0C»oi/©C-aB/®5.O.//-**,  0icC^©A/'./®XcC«/,j-/g>i*-,f/25£©,*t,»-«o/&>.Ii.©Aca«,<g>.S«*a,(JJ&cV 

**/  OCUBM*  **J  Hw  ilU  -*  Sm.ar^  »%mitk  tlj  Imltf.t^  fmsn 
sFi  fn»K  *  ?F;  «»>*  C9y  Itw-anoo e/iso  giMjoeisoOj  G>c^0sko,-oii  G)a,®*<o3-os/e)S*oi-ir/(Di<~®Aiit.-,?y 

(D  Ct,  &Qs  'fj  ©Q<  G>A@sls  ft  ,(D  CnQ^S,  So  f(2)CJ<&M&Cs  C>C-®^c  J».  Ftb/H»u  tl/f  f 

y  S£n''O  aoij  08*  O.tc  .  . _  _ 

SC*  ffl**  *  7S"t  IHn*  -  ^3j  C~Aw-  00G3OC  0710'  fv*  Vn  *  l%~;  ay)  »  3~*.  01  t  Vm,  *jy  *Smf\ !?f_  $Vh~.,ot. ^ 

G>n,  H~iz  i  ®Cu®4t  0/-CA  /  @A.  ffifltoj  ^  S>il0V-»r/ 0irico*/  ©•top-/?,  (£)i<(&f‘, v,0G>  -OC,A~» 

-Q>Cr*i  -aa,©C/.y^j»  . . . . . . . 

J7.  *  5l«.  ov/ '4-.  o*^  /'/<_^ HuimVu*  **mi  /*-/a,  .  -OC/Qt-ot,  Oov-oSj 

—  0C*  ^C’4-^©Cv/f  ^Qi^Ci'^  . . . . 

a«  A7/VC.  po  *««-«  o*vX#o->/J-,  A»V  IW/«iHl«r'  Wwar^Uw^m'^/il.^^  IKmoi..;  Mu 
S^sotyto  ;  @/7t  e<-or(  Q)fito<./  -®<SU.^-ot/  l£&Ao’i  l&St,,ai®*i'lQG.(£i)i<.e>ik«t  CPcJfilii  <S>Aa} 

^  (£Cuif»e,  <5>C-  J/-JV  DB*  .03  ZU)  A‘*  o.  oc,  f  se  A*  i  C.Of 

^5^0i^(2)Jc  cva*ov  ec  t  (s/lk.GsCt  cl ^  GjCc  ci?  j  Oc<}  ,Q)fi<io,OiifQ33ci*^Q)Cu  iij^Cu/%s/0luiCmto,^,i'‘Ml 

30  FIawc  ->*),  rtut-  e/vtof  fG3o,  WWft-g»  /yoa  ^  0o,.o*-/©C,tpi((Z?/(t©r«e7/  -OCVof/0Ao^  -GPAtio~i'/  -OAiPCif^ 

(DAsQA.  a-* y  -0©Xt*r,  -0(2  Cx®*ciC'ie,  ®a  ^  (£PS«($4(  a  i  f  d^Si^^caa  ^0C*.©4ci|^®^ju  .  £ot»/ 

K#  #  y-tf#*.,  /« ■*  ,5Wi,  /t/  ay  Sf  fl*  ?  .  Oi?  SW  **»  /Of 

\  2  /  W"-  eowof  oavJ"#  (itf  *••  Trw  Jo««f  Tffu  f//vrr«Jo;  itU’-ei30oei3lS'y  f»«V  F*/h.„  Jn  r  3-,,  /'■>►.,  rty 

'm‘ *9 ,  /(ja  a-3~,  Oi-tssy  i't~,  «v*^'  ^  A  i©3rea/©Xc  »3  (©&i©Sio*^  ©Sc  cr 

Ot,  -©©4.0^  -Q5®Jc©/»(^-n  ©Jc/j,  <2>a.6>A  i«i/®/-'cir(,  ©c-^  Av-*^  (DCnG>t,a  ,•, 

*iDoC(  5£4J»  o.y?  rrWivot  &)wfih  /iw  / ojfofo?"  .3%.  ^  ?  *  I  S' 

^rt9  &*(,€*;  &€  *  J»SO  i**"  pfujib  d«*tt«n»y^k  yay/  n(^ie(lj[| 


|  " - 


Su  f* tarts  L  T  t  5  ?  ?  ///  Vv  .•„-.  - 


ML  T.'/r~±  A*-  eut 


f  /ft**-  f?iv~&oi/S6 mso t  ftw-n  &sze t&o  c*/v*  Btir-'Bicjce  gives’  ^  /7c. .  -5-  «  -  >L-  --~ 

fcvi  r!*it  l//j  *  Si**n  t  Virtttf  •  Qc*  „■ 7 1'£>  Je  ci“oyy^> -*  ^A.  oyro?,  \£^/Vw  w*  •ff  2,  j#C3^5c/v- 

i.  *-«  ~Ct3Qf’r*-Bcilot  0*00  r  X-BC20CfC330j  L-8  Oj2s>EC^30^  A*  l/»j  ?  /  '4^.  0/,  /'A^-oz^2n,  i‘«  *  ?»'•  (i)~'  *  T  s.'-'.’  7^ 

0^  o^ •/<  ;?-<?o/  Car-? y  <;r^/*kw.  Sc*-  .3^  &V“-  .sr,  £**/*. 6^  £-e  = 

3  K*>- 8 iS3Q* 4*00  f  &(.* #*i*  fa-  S*  ct,f  ^ic  'Jl-  S~-  C~>  .*<;sy  ;  1^**  o?-/?,  (JCu  *f  SCu'  J 

_ CDGtQpJff'&C;  H-ty^  •rt(j/j5&&y '*  "~f  Q/C*  ** -^Oj  LPt*  ■•'■■'>,  Oajr*- u  rcft  *  Z6-.&*  St»*  .o/ f  ZuC*  ct 

*J_  ..  Pot,  L'/J  c  ]*•,  <3^  4<*»/  W -t>^  w.  ^  ■*'  «»■  t>  ip  I  ro^l  p* it  \u*  *  %•*>  oj ,_?•*•  cA*C3/ •?/►•?.  * 1  ;  ~TRJ-  S  V-  -'“ /  ‘’<T'f  pk&rc/r  33*pr  //,  « 

.... C?o/-o9j„z@00 y  .'^PG/A*  /•>,  0  'jQ/Cf/2 j<e)Cu v^w'£*&)C:_v  ■LP^w’  r  Cc'<^  0/f,  P  t(J^P'dP‘  :.°,  ^ 

_ jj-jv.  _  _  _ 

_ ~  £j  _7'^'-fc.'®  12)ZC  /v’Ot  pA^>vo  s  33w*f+  /  J**'  /  '~Sg£OT>  Pot  if  P*(t  ii:~  £*•/&*,  2"  -*?*•<*'/  */•■?.'  1  ■•  *  C*-Hj  dj*r'"~  . 

_ Op*,  &Cm  /&?••+&£'&& ,'Z  f  'S..-/^  C (?C**  (£s^.t 'S“ f  &£**(£ Pi £_,  c>.‘ E ''' ^ ' 7 *  “*iP  '  '’.  *C  '  •  - 

...  «  i*t°:  Ci/  ....  _  .  _ 

£  _  _  //>>X“  79  #  C?-<  c.'ti  ^  r  £f  (f/uv..  r  (2^  04^d*/  C'c^iV 

7  /■>.*?<’  ^/j  f_.  •£"/»%  C<  *  -  /  3  pK.Ofu*  c  3y»fih/ /iT~~lc!TT^  Oot-oTj  <1Sm  *U  ('t  C*>  #  ^  u  .  i' f  <  «*■•  ’•■  -c^  C.<~‘(-f 

.  ..  .£!/i*ftt  (JC“-\t)crf  -vo,  •$/“. ji,  ■&<»>■>■* ’,d''tf  <s  .  . 

£  /Tlf*x  z  8S~j_  12  oO^  — -Of.  ( 'Q Pi  aa  -  of  (  QACcct  f\jj  Ccc> :  P  F,  (i.^<  cl  _y-'  '■ ,  ‘ G  /}/  ^  ^  ^ 

. ©6>.©^c<Si.f1.«fr.#©~©yp»J5 &*&.&> »',£&'-“ v.-^f  i-'i  w-/:.cru;><itt>"*c ....  .... 

T..  ■  *>S*~  '^^_^ai~JJ^Vys€(?S'yT9(X-Yis  /oajj  f''tt  i'i.--,S"- '/W,  IKua,®"  ©A  G,f-.o.t  •<»,  e**-^  sj-i*' 

..  .(^OA^erfl^  £*ke*»i <■/.«,  ©aSW-s,  /t, @c,04n.,OO'&ko-n, c>< <** 

_ if*,  .ey,  .i*j=,(o  ,  «f  -  .07 .  _  _ _ _  . .  .  .  ..  . 

/©  •<£/  ^  7"*«? ^ esooeiasir,  #<*-tsc  meano^  pt&no*  ‘r^m^h/uj/osvoer.T^  r&, ; ^ r  ///*n,iv»-m  c/,  c 

.  Q*'j  Q^^Cioa  ^  @Cj03*'  /C^Jc  of  -04^.  0  CU.C)6?c.©<jo?  f  Q.C*(X)*6  @?J  at  r  0C^^U/^  C  c  ’ ,  C?-c  ,zj  Qya‘£-/‘  •'■ 

. :  ©a»  ©&<ir/cy  (P.^€^*«i^>.0*<8'A.rtw»*/. ©<*«..*»., ..^«(*/.  f.e *.. /3,.s<*'» ©.».,  «*.-.«  . 

/ / _ .  QIak*  7^  /Tl*t=  s/-.  (&><■  o/t Cti .,  d^6VSlf&Asicr'.'QtM  pm2~/S‘r  .  CP^ciA'i  *c^.C2?*^*u?fc*Cy'C  :.W 

/A  !  Oe  I  -  ixt  -0  C.  /I -if  .  .  .  _ 

/3 ..;  <rtnn*?2^  *w-  ao*  I$e  <x,zt>  Bibise  it  VS  »23iO:^Jf*~<i>J*\o~>_Jtiu.£\}ji.i-Sr<;  aa-a^  V-.  cj  T^/jv  ;  “©.?  o/t  -QC.c*, &C-.  z 
loy-or,  (&4<.(!%i»i,  ©4»6Ql*2<  (2>f»*c  «.».-<»,  0^<lpis ^'/.v^Ocl.©/^  o-c>  ®fc  «-»<•,  (2>Fifi^e./i ,  ©fiSAac,  £--'t  £-/<-■  •- 
©i  *»•!.__  s«y*.ot?  Je  =  .c>V  .  .._  . . . . . . . .  . .  .  _  .  .  -  . 

t  f  l/fir  Kw~Ec Off  j  /*EtA'i*a  s  SYffi'/foV //lvSCDT j  ®Si  otrosf  CP^c^3K©yF  Ti-cf^^/^r  .c  #  "V^C  f>  ... 

_.  .  ,c£-Ci*  >of  ®G*nt»,  0>(X-^!Qia,(iDCu  ©iiOa  ‘1-ts ,Q,’0- &\ v'ji-o'i 

/51  C?Of  fC&Cc  ®a-o*i(^tcf' oV7  (&C.*  O^^fe  (Jj  Ct.  ^ ay  . 

'G  o  •;-6<»/  0a,  ra  ,(P £,£>'<  »-o  ,  ©C.  tz~’S ,0C<  <&<?■  ><.-  ig ,  V QO--<DC,  i^-aa  ,<&?,  i  • -a* ,&& 3>t  tC"K*  *?■*  ■=-. 
/?  .  itb'X*  &0  f  Rfa-flfS”^^ .  Ac-v®<u— tOtccfoVYj",  rs-jRQ.Ui' C?~?V,  f-lio'-r  j  Fo.^c!  t>,  ■,'/'»  ^ 

.?»••.  /7^  -  -t '/tm, yi^  /»•■  ic;  •J-—  ->- j»(  i  '■4....  jy  ■  (z/\  c ^  <-'t  •l-©3,>£/«  cv-cc.,  ©A  i'7<  sv-/',  ©A  a  -  a,  "G  © T,  si6  ■  .  a 

£  A<*  IV/SMI  tf* /.SI,  ef; /.V/ f  W  (3S“ . 

/9  i/M«rc2/  4*  t  T*toC<.-?cf  n»yr#  '’-toJwyfiVireeffooFctJO,  *-v«  Boi'f/'crcc/  FrccF<4'il4m.i.i-':)-'- 

}»■£-/«, .Wct.3-»-e*,3-o^  3«../r,  AK««,  V*.»,  A-«W.., >»-.  «-w  «•/-**, -WWc«»-  ©Wci-u  ©i,.. 


>  -  0320  -o 


^KKOf?  t  I-1  V  4  U I  T  /Y  77^ 


77 


Jo 


3Z 


oc. 


Sy 


30 


-j.1 


F?U>- BoySF/SF)  ?  7'J -  oif  t'ljin,  oi- ^2 ~io z-o'iB^  ,^2f  I'ft r  3m<  y„v  /  '  jj  F-tj.  O, 

.-&•>,  dD^i-aSfCDo--*-,  t25-©"'«>(  -CSXJX^C,  *,  -<&-Qc.tnt  -<*}<PU/e,  &J<- ",  9h*r>3,  OS'&Jc/ 1  /(fyS'.*'*  *■  ,(3us$f‘  ''-■& 

(DStOAui ,  (£)Ac(&C;  -o-jj^fSPA  jy  _  _.  ._ 

. /''Tn/  =65,  /)/,->  ro  ?y  A'a-  t-ajin  -ejtsj  fiui-'B/o  vsen'jo^  ft*RtQisiOEmF/ft-Bni?en*s~t  /t>M  l/o> 

</<",  n,  V/»<  /Jr  2  Vym-  &  ,Smi  !7  r  &/S,  o/,  (3 Fc  Oi,  GiASXio]  f&FcoH,3)F<.03'-CU  S<.®PtD7,(DSc®//ca3  ~c]/  @it  ©CV/*./y( 

(S)UO/k  fS^  -(&)G>S<.i<*v@j<0/  Hi Cn<&4tig r  GXt4<E)/tcl1-AO/(/p/lt(PCs *  32-3 f  PQ-Pt  Sc  *.33,  «,r.S3fSU>*..SM.  .._  ^ 

_  ©/c  pt-cu—y  (P4*a3  -c&,  0.^eC(, •@)Cr  <i  JE)C»tyl  CPCt,<!DCnS''r>l  ~€)C  ttj-QCt  n~h  fO-Uj'QC X3-J*t_fc»2,—  Y-iyf, 

rth'K  -  Zs~ j?ui -CHoo  Llieo  Uu»  3m.  ol  J~.  as-oii  t-ii  3V.~,  /f  3-,  jKm,  f)  /»,  tf-*r  7  <C.  » j ^ 

r  r~  r  f  '  /  /-  /  /  r  J  | 

^  J2-JV  ^  HpXi  \/*l  **  S'* 1  OSj^fE* OP  f _ @Q'~0p,  0XiD?‘P3^S0  @S~@CiOf  Ji/A—  l*/f 

„  ~(S>0St0Jc  t'»//.  '®0Xri 1  -31^.-03-£c-iy _ _ /*C Aj_  Sf  *.03J  gg«  .0* ,  iu-.ot _ _ _ 

7«*>-  a h  tw*’ '"iioe /vvr;  r^u - « ivvse/sw f  e*  -*H!f'e.ii>r/..ipi*=_3'fmp4/s//v3o£orj  /•»  iaj  */'4««f 
.03',  4~>.  ot(  ^gm,a1f  V'l-~IC3-jor  It-"-.  Iltlh-I3.  tJm.  13  %■".  irf.3n,/J-f  Htis  /„  *■  S~;  !<.,&•*■  r?f_y~-l&-30j3mJ3l-*XrJ~l  *-3  j 

o<-oiy  ©5<<5Y-or/idir04/  tS© Jro,7©6*-///  ~(3p<2>-f''/J/-2©&7‘'S-«'/c2<:^@*''&/0<it©'1t.,?-/<y(255c<5W«ao->aA/ 

<2 )^0/VjJj©,-£JY  PCP:  S3«  .37a  £e-.tS~,  S  tu=.V5" 

/Mvn  ~S~f t  Puj-  io*oof«j«  Tit  l//j  3~,olj  •3«i-'oy/  7&«  *S-o'>)  2*.  2  fly  ©/^iO/  ^  ©c^©4t  oj^  ai^lro'i- 

*?,-2>S:tc i-o->f  *<g'®ir©ioj?-za/  ©JcCu/}-/^  <Ja2>Cr,?-»v  <DCi*i~)>,  Ou-31  rvzesef'.oi 

fr£>c./H* pe  [,j *  Y**,  o?-a?y  Ooco^  O/lco?  <J)2c  -(rjr;c?/  &Aeyy  QPi-QOCi  n-iijQCuQ&Cir ©a.(5/,:y-«/  (DC-foC; 

'7 -*'/■£<: Ji-is 

xm.  f?u>~  Qisvj-el&cj  Pw~o /7V?c  ifiSj  Fex'i  Hm.m  V-x*  f  im,ef~iot  Mpm  V'-.  -  Ismiiij  ©O»aci/0C:  uj-oc, 

(Dtj'iCio?!  (3>A<.®'s  I*?-I0 ,  <3t>t  Hj  G)£u'i)Afii(2)Ciii /((J)G.(lDA<Pi(iPCi't  t@)a.(&Ain-'7/G)C,(£yhU'&A:<‘i~iv 
p^--pi~tl7CO  f—3  rn* tr'it *  3r*.  ~G  3^'Ot,  J  V _  ;  /  '^•r.oi-n  I*  >t  R'li  i'tr  V**  c*  $-■/]  3 ,s.  ,*  V_  JJ-], 

y  '  )  /  /  '/  //■■■■*  • 

i*  S’,-;*.-  J  (DSu  ^  3>St(£)Ai  ’hsi.fQ>U«3/  G?£k  jv^  !^7c »»-«.,  O'kDAiv 

/*-/••,  O  a«/  ,  -®  ®Cv@Pr-J  ,  ®*'JT 

fil*--  Qr73o  P-M-OZftC*  12Q 4  Fn*ft*94  a'**  nf  33,  ev-o—  ^2^.ai/  't-,s7t 

l~,  It)  J,".  „(  3-.  it.  f  P-  uf  ^mj  af,S",UJ  t  Hut  V'«  3-S'm.  'J-*o  7  @An  lf  "®  ©A  <kl,  7r  O  Z'O*,  @)or- '°t 

-<*£l vJj'tCu.  I,t  (2IC1»©.-;10'’.-  •a;  >3f  (E) 0- &■<■  f£)Cu($4c  '$ jo-xit _ 

-<pO0»  C7/«r  a«y  .  _ .  .  _  ....  .  _ _ _  _  - _ _ _ 

A»uj  -  -  e  iO"se HUTO  'a,o<?avjy  7»uj -  3  ///^ e ,  ( Pu>+  »-*•  Szp*  fl/YJetfj®ao)^_7’=*»»oo  <«  r-’u-ro  ^  [,-’3of  /%»  U'j  •  a(^ 

0»  J,...  O'*  2  <4  m.  01 1  2",.  ID",) '  J  ,3-/y/  Sm;,r  j  0  2u  (&02-01,  ©  Jroy-ot, 

j ^  (3  r»-  ,'o^  3> ~\E)  0  *7 ©2.  @2 Sl  ir-  ,7"tPj  0J‘  ©2v*  \D*U ,,f  Q)Ci  *i f  0* \ ^  ~Q) C.  J  V . 

PC/”  *  r.J/(  If  tt.OH'ltM*  .Otm,  Cii-  ,C<L. .  . .  .  -  . 

/e>4  lfm,6Cl  3— •  eif  J  ’/)m,07f  tfptt'Jn*  S""  OP ,  *»V»  /.  ._C?o/-£>5»,  S>P7-OlPr  Ooya.t03-‘i~lPf 

*o-2, j  Q20* **f  O C«  ©6  *i-ay  ... 

HttfS,  (»  Sm*  01-01  }  -(DC,*,'  Ooj -oc  tQ)y<  Oi-ot  f  Ool-n  ,0  It-lt  f  o  p-*^  /MfiXiS/ 


) 


\ 

-  *) 


fw. 


Sc  ;  5/30  fi^iwioo 

Stwr  ^5/3  OfC-JieAt 
£  *  *_  />;  /  r  AV  f- 


72 


-CQ?0JS 


'  (  u 


_  _ Svfpumem/n.  fiern/trtKij  S~eer.  Pf7°i 

P/et  Times  />ree  £07~  S £3  M0  7£  o<C  MCA  eve  AUJ^khois 

'  i»*3  lii'/si-mk  jM>t  o-,„ 

/.  ^04  j/u  »  4~,r£I4y  'l~tl07f  '**■,  9:’-cl,^3~,. /0J  tym,  H- /  J(  Sm.1li~ltf  tS*ttV'\*  V/-.,  />-  J3(  3m,  Jy ,  y  Oo  , -04  y  -  ®  ©>^<  7J3  j 

.  -33©^of-,e/  -®®c^<H>fi'-"-^f(S)Ci.(3A.i3lQc^-QD<!’iY/QCu<ii>’.',,rr(j!)CuQpCs>i./®Cunl(e)c.®v-,ij 

^•-.-  / ff*i*  l/l!  *  2r*iiO~!  /%m,  05-01  7 /tfm,  /o .  t  A—, /,  -?/*.- /J  ,?  ,f  .  p*ie  Vn~  3~"GI-0±  V'-'OS-OC.  Oo  -o  - 

'  f  r  J  f  r  /  "  t 

-Oc,ov  -04./  '®®Wc47-y//  -<Vi @ii.L-/3y  ©it^fc’cw  /®^©^:/--/7;©5i©rw^/®<X.~er,'/‘jy  ©/‘.©(Two  a,., n 

,.®C*  J*  ._  ^w=aav°/« .  _ _ _ _ 

3  jneco-^/iv^f tss-^-  (no*  s.„T„  «/rvrf*ioJA  /b*i/„-:.  .OT/  /£.»«*-«>*  3~;  ,0,  h^Jn.V,,-  A*..*. ,  Q)C-oi,Oo 

.  :«>  ^Q<*o7  f$A«a  ,Q>-^^e1  ,@S**>l&Ca(D«<'ui%t  ©&©_*73./.(2><i.(Dei  <y,  OCuQi)C.is,  (&CxJS>(U  ,L  <0,,,  H)  ,  (j!)Cb  (a*<«  s ),?J 

_ _ (2 /&.(£>  ft  <■  (r+QCt'i  'Q/Uio-n,  Oi4t  (j>A**<&Sc*r. _ ££**•  _  .«»*  ««»  V.7^»/i 

V  -  Ul(  *  3m,  ’t^S.-SL  TO^Vm.  «;.  /5»  /?/•  V«' •3m/  J/^.  ©Ic  o/^  ®0,<Wy 

_ 8?''-'au}rG>£nJl-'C  '(£)&•  \-r>t  (bCutp-jij  CbWfOy  On- *h _ M/K  fio  s_Y9m#J, _ _ 

•-  ^®4  to*  5»>,  oa-ot^  / /‘•'•.9‘*jh*”V'> tl/i *•■*>*-*>,  l"Y  3m'.'ZoJv”  imio-et  Vmie/f/Smrft  V«w/J>  A~ 

. . ft* /tin* to*.-?  iL— *o,  Oo,-tr  -<s>Qe*Mf^$®ht3.  -/»,©&.»,  _•<£><*,  -©©g..j,.-®®c«<»,  ©c.  ,y-«,  ©i, .ii©c. 

_ •<?>•©  A**,  .wjk*  /oo‘7jM«»<.*>.A**'»_V-3«yi _ _ 

6  .  /77***  7/,  fflm/-  £ '?y  /j<  1//J  *  J  '4m;  0i-±3j  ' 2/», £>vy  ?'*  J>T/l'/x!r'0i7‘l,  ft***  'Jn  *  3m,  /o,  3m,  "'St-J  Oct-n,  0G,  y©  c,/j 
_  ©a.  '®&iitQ>G*  t*>z»e,CS>fl.*it  On-*y.  . . . jy»y.*  a)a*/t  «»#i> J  w.Mmph 

7  0>n;  £1t  m,*.  >  SCj  Coi-oijQCnojr-at  ^QlSiio-i’j  0  Jt©<t,i-aoy  ©5<C»  »,y  ©  ft,  Jiy©^c  *7,0/?,^  w^:  3a3*/i 

y  Dirt- £J3,  o,,  OAcj/QCu0j;  O  -o?,©Cu  ®>,©C“oy  ®A»y  (dlcn-ii'  a  -■  si-F*' 

urV,«:»i  u>v» 

_  5,  Co, -oty  ®/7to7/  Ooi-10  Q>fl*’-il^0C^Q)fKj\tOCi<iy-'T tO>C.iOf>'’'t.,Qf4cn-’fl  (Dc-<£fc  /j-Jt,,®/8,  O^v  v. 

rie.f  JO-fi'/  V-/  ,■,,,, DT  B„jYVVjf-„ 

/O  /T»»»-V»'*  Xm,e?y  Oo,-<,  ^©/Iiot-o;  /©Ao»-,/y  -d’C,n-i3/0"tt  -®  C,  C,  0C» -ffiG /4-/>  /S,  jo-jv  u.,* 

//  /Ti**’7i t  3:i0i-iiJZ.'*<i0jGpC*n-i*/  $Cu®4<,r,@C«ic.j(l)Ci,c>'it/  Oo-it  “I'1 

/£  ir-'is])’ i*  V~,  v--*9r  3m.  V»,«y.,fy  fw/,y  J/m.  C?  • ' -o  ■»,  ©  <c  oT’-o^  C  7>  •' J  y  Q  ^  vy,  C -l.  £i* 

t  wii:  /yt*/v».fiy  fiV’SI~fk  sen'n.vso 

li  £2j  fid"  :+  /irVS'  (1- HT>VS’j  /»«  V,;»  /"••  o#*,o  f  J  /*>-;l  1 3*>'  iij  i—  li-i’ij  /»»/--<* '|/<s»  Jm.  a/-cJy  ?—.  ;?-/•/ 

. -V"**’!1'  iS.'i,  1  7  ‘i’n.!,.'.>l  t  o(y®  o* ;  ©^c  oj-ov^  or-oty(i)t»y  -<£}jJSviSOof-u/-(^&Csit-is^ 

_ _  ^2J^A,®Ci.'fc/-i)y5«®<!i*?/{3>k-SCj*fw»/  wi/»  rtsVv.o-^A  ^>w»c  1,.^  ,  Ua’w'.M 

/V.  47,  /r«*»  V?  S-enxOja- oniaeottp  A*l//i»  7—0^  i’f.—oy  ©It o,-a7y  ®Jcc£>'d*»r/  <2>£'U)AvJ  (£)a,ii£fkrc 

'  Sf  «*»"  o,  vi  ^*i/^yw//.rj/  JOT 

.  ©/-*  ®  Ju/l-/7,  ©i,  i»  f©<3j  •*,  (D/k  *0,0*1,04*  tt'M }  S£*1‘--./Cj  Ova*  .O'tj  £e*.i‘i/  50/a*=. a/  ui\i*‘3JS''/i.3mfil  *>v’ f  t-F 

jS  O’:  wo»- 04,  ©c«07,  @.Cn  9*y  ©fii  <3'i/pi»/0Cu  k-jSj  <W&*K>-r?t(DG*<9  fOn-a^  W**  Au. i» 

/i  O01 -13,0^  0,1-*v  «V=  Mj'/w.?;  ■  AvS.Imfih  ,  S t/'mig-  w 

/7  /rst  1/,|,  7»,  ot(  Ofi-oV , C,i)7f  Oos-iy  .  OiV-'  lltVt.Omri  J  3-/.A  , 

/?  /}1*J--S3t  Poo  /,:  *  7m,  oe. ,  /m,  01-0i/  Sm,»-y  ffrfr*  V'J’  3m.  /»,  4""»'  /, ;  Ooi-Ok  y  -<®  07-0^ O  to- n ,  (7)fi<.  ,3/  0/v~jy  QtU.  n  .  j»y 

l*fv*  x-f’jstmphj  ...  ....... 

/■?  /?I**T  C,3j  Oai-c*t  00407-11  tC  IWI  WV-r->H,»jy  />W'm,lj,rt  ..  . 

J.C3  A>*  v/„  .  7m,  o?^  Oci-,3)  -OCt  '•!-n.f  -0C.ot  -®>Cj,ir-n,  HEX':  J7--4/®CrJV  .  w/s  J/o'/t,?,,^  ( 

>1  fTt/**  * bS,  ttim*SO j  Fo&tfjFtr  /,;»  3m,  oy y  6—1’  y  0Oo, -o4f  ©^foT-op,  <S>/USKt*y-'3t  ©<!«©<v  ,i  t  Qc-^e. 

1 3  -IB^  (2?<X<©Alt /»-/!■  yQ  a.0Ciifcy  n  QDCJtt)A t  (&fitut.iilQ)A>it, 0*v  M7l»*  3 3^‘/l i-fr, {  fiU-S.Z  ,F\ 

1 1  /7?/ix*  rri.v  t  v/  (  ^)C,  ©/4oi-o>y0/i,©,\ftr-ot<0c.c,7-ti»(©^t^>(Q  -i  (ji* 

0  c  >-7(  0C,  Ig-i3  r  Op  J-A  V  tyV»  n'lu’ir’D^i  Aiu*7.»mFk  pKtifMt*  3inFh  /a/C  / uo'ilcfT  , 

73 


'JJ/Ai y  uv-  t’-v* s./mfh  ,  j£ aj 

jr  //? "  -  v9  A’*-*  29  35 /7c  3/-o i, 0/’«ov/ 0/s< os-MfQf:c  n,  Oof-fjj  <£vcc/v'-/r, 0c u  '-,0  a.  ,7 -v,  Qav  ■<, 


-*;/  C? 33-aV  tl>V5  /  V  7r^*  ^  AU)  - 

at.  Oo/-iy  wv- au>‘i-9~f*  ...  se  *•*>, »*>?».  ._.....  _ 

'  jf  r  S3. 

a?  .  jV«?€  k1'.’  -  Xrn,  J/-i^  -pzf  _Oos-a?  f0AQi-/  ^  _-  ©  <*s_  /  r  -  'c,  '  0  0  /  ?  -J  Y  wy--  '7y  W.  4<*/»  S1*p i  1 

<r  V  /71-;  1  *•  '  Fot  'Jit  *  3  '/jt".  Q’?t  /Ar»,  pf  ^001^  a 3.. /tf,  a3/y  m,  //-  /  33-33,  ItAilZ-AH  ^  ^34  Akoy»V.;»  y_  p  r  -r3^  _ _ 

,  ''•<»/  yV  *  *'•»'  «-«>,  fw.'1-aa  ;  (fl)C:oij  OQtwui,  fflAtav-ac  -3X9&Q7.  ~&G-)Sr(xb‘ttol~./ol  -<x)0  jri.ii  -(3y _  / 

ffiSc/y-jy  (?)  Cu  )■?,  Qj6-33,  *^)aV,  <W  Hi*/ JlV—j-A  jMJri.jmyl* _  $  C  *******  ’  rz. _ __  _  _  _  ' 

a6!  ey,  ^yi-.  .0}  H*ie  ]),j  r  2**,  i0f  V-.,  n-ri^  JV;  <3-/^ _ _  1 

_ £.»■  3o-3i,  Vmi  ii-33;  itf  i©  Go /y,Q  £«/.{>/»  Oit-a  l _ _  1 

0)3-  Mi'/si^h  AV  ¥.7„f*  _  _  _ _ _ _  . _ _  _ _ _ __  _ 

30  A^9*  '/']  *  3.***  0/KiJij  3  '/***;  03-0*,  1  ~  >  ot.-  S') .  /ftOfy  I  S*01} /i>  .  fot,  /-/'  »  a  <0,  ju^  //3  *£■  i/'j » 

-< A-  4.  »j,  *'  ».  'V,  i 3*,,  71-3J  V-.  3<-3>^  -<2>  <>(»»■>,  -(£> ’5 "'Ot*,  -0OS-/O(  SJ?0/«t. -0C.  n ,  -<2>©/«c  U- ;J 

*  tc*‘ 

‘0  i-  V  ,v,  -CffiC-  -0/%  /f,  -(giSAe/c^r®©1^  o  ,(/£)£-  j. -jy  /ft/1  AU-  st  • 


tO)V‘  *>e*rj  0/J/ly  u*,*JO  V*<T0*i 
u-»5*  *■>#/'**/  o-tLf  w*-*o  :P£  ?  O 


P^CP  &*<.£  LctfT'O^j  S£*  3/ 30  F Cf*uujcxi4 

itw  '  /'T/l 

^ /«JT  Ot«<i 

/OCC  “■  Aztim  *  <"  AV 

fZecfuSc  o /*  &  c*L/4t<Arjo+*i f  _r&B  *U6/*f*r  x^aras  v 

T“0  C<J/y.-;r  7  •»><  +**:>*?  ^  (/rtf'  rut-  _S~QLL-4Uj  /4J  ^3 Pt?frr*a LA*. _  _  .  .  _.  _ 

.  .  AA**  sp**d  Cowo  )  **fr-/,3A  ^  *0*^  (//•  <r? -w*.-  ) 


MOK  VIS 


-US® 


'*■  iMiHftaiSMi 


rrnoN»i*»TH  imoniuvs 


.  ANVdWOD  XNSWndXSNI  AMOJ13S 

■“'-"'io  <U 

•*»»«•  ,U»*ntrr<MJ'VL0'z'q  0N  J-yVHD 

HdV«f90WUJHJ.-0U9AH 


( 


sunoH  *41 


TlftONflAKW  IIONMV'I 
ANYdWOS  lN3WnttISNI  XMOJT3* 


“**vrUujuo  .  mifo-LOZS  ON  1UVH3 

HdViiSOWalHiOHOAH 

(  **inoH  *u 


*  t  rt 


76 


Figure  B-2.  Hygro-Thermograph  Chart  (Continued) 
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;ro-Thermograph  Chart  (Concluded) 
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